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The age at which the children in a community
reach adult stature is usually determined from an
estimation of the upper limit of the distribution of
the age at which growth in height ceases. The mean
statures for different age-groups are examined, and
the age at which the upward trend in the mean values
stops is taken as the upper limit of the distribution.
Neither the mean age nor the standard deviation
of the distribution can be obtained from such ‘cross-
sectional’ data, and estimates depending upon the
concept of an upper limit to a distribution are
unsatisfactory for statistical reasons. However, these
objections do not arise in the analysis of ‘longi-
tudinal’ data, that is, observations on the same
individuals recorded over a period of several years.
In a survey of this kind, Morant (1952) found that
15-39 of Royal Air Force apprentices reached
adult stature by their eighteenth birthday, and
32-1 9%, by their nineteenth birthday. In the following
paper, corresponding data for present-day school
boys and girls are analysed.

Data

The records were placed at our disposal by the
authorities of two independent or public schools in
England, and it can be taken that the children
concerned came from families in the upper income
group of the community. The measurements were
recorded at medical examinations of boys made in
the period 1949 to 1952, and of girls during the
period 1945 to 1952. Records of the stature of 75
boys until they were at least 18 years 6 months old
were available. They were measured to the nearest
quarter of an inch at the same time of the day and
without clothing, at four-monthly intervals. Similar
data for 67 girls, measured annually to the nearest one-
eighth of an inch in gym clothing without shoes, were
available until they were at least 17 years 7 months old.
The anthropometers used in both series of measure-
ments were of the type attached to weighing machines.
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Analysis

The measurements of each child were charted and
the records sorted into two groups; in one, growth
in stature occurred between each examination,
whereas in the other no increments were found for
varying intervals of time. A detailed examination
of the records in the latter group shows that two
types of record occur. In the first, no further increase
takes place during the period of observation, but
in the second, after the stature has shown no change
for some time, a further increase occurs. Figs. 1
and 2 show examples of the first type, and Figs. 3
and 4 of the second. It is difficult to define a practical
standard which will determine when growth in
stature has stopped, because the period of arrested
growth in the second type of record may extend for
two years or more. In this paper, growth is taken
as complete for the boys when three similar con-
secutive measurements occur over a period of
eight months, and for the girls when two consecutive
measurements are recorded over a period of 12
months, differences of one-quarter of an inch or
more being regarded as significant. Thirty-five boys
and 26 girls continued growing until after the
observations stopped, and 40 boys and 41 girls were
classified as having stopped growing during the
period of observation. In the latter group, the stature
of 20 boys and 29 girls remained unchanged, and
that of 20 boys and 12 girls showed an increase before
the records stopped.

The age when growth is complete is taken to be
midway between the last occasion when growth was
in progress and the first occasion when it had
stopped. In this way account is taken of the error
introduced by grouping the data. For example, one
girl grew until at 16 years 1 month her stature was
65 inches, and at both 17 years 1 month and 18 years
1 month it was 66 inches. Clearly she was growing
at the age of 16 years 1 month and not at 17 years
1 month, so 16 years 7 months was taken as the age
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Fics. 1 and 2.—Records showing the growth process to be arrested. The number
74 L by each growth curve identifies the subject. Most records are of this type.
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when growth in stature ceased. In this manner boys
and girls, on the average, have the same stature for
10 and 18 months respectively before they are
classified as having ceased to grow. It has been
necessary to make this difference in the standard of
classification for boys and girls, because of the
limitations of the data, but in this case it will not
invalidate the comparison of the results.

A few aberrant measurements were encountered.
For example, some measurements were less than
either the preceding or succeeding records, and
occasionally a measurement was found to be larger
than any later one recorded. These measurements
have been attributed either to the effect of diurnal
variation in stature, or to mistakes in technique,
and have been disregarded.

The number of children in the samples who were
still growing when the observations ceased have
been combined with the observed frequencies of
children who had stopped growing at earlier ages,

and give a ‘censored’ distribution of the age at
which growth in stature ceases. These censored data
have been analysed by fitting a normal distribution
by the method of Grundy (1952) and Hald (1952a
and b).

Results

The observed frequencies of the age at which
growth in stature stops in boys and girls are given
in Tables 1 and 2 respectively. They are accompanied
by the expected frequencies calculated on the assump-
tion that the observations follow a normal (Gaussian)
distribution. The agreement is good in both cases
and statistical tests show that the observed frequencies
do not deviate from the expected ones significantly
(x? for boys (d.f.4)=4-8 and for girls (d.f.4)=5-8).
Thus the assumption that the observations follow a
normal (Gaussian) distribution is a reasonable
one. On the other hand, no observations exist in the
upper part of the distribution, and complete data



AGE WHEN GROWTH IN STATURE CEASES

67

o
w
T

IN INCHES
z
T

STATURE

57}

sst

149

134

054
* 153

060

077

AGE IN YEARS

TABLE 1

BOYS REACH ADULT STATURE

FiG. 2.

TABLE 2
OBSERVED AND EXPECTED FREQUENCIES OF AGE WHEN  OBSERVED Agln EXPECTED FREQUENCIES OF AGE WHEN

REACH ADULT STATURE

Observed Expected Observed Expected
Age in Years and Months Frequency | Frequency Age in Years and Months Frequency | Frequency
17 11 and older 35 34-7 16 8 and older .. 26 25-2
1710 to 17 7 .. 12 11-9 16 7t0 16 2 .. 10 11-6
176 to 17 3 11 10-5 16 1 to 15 8 8 11-0
17 2 to 16 11 4 7-9 157 to 152 11 8-6
16 10 to 16 7 8 5-1 151t 14 8 9 5:6
16 6 to 16 3 3 2-8 147t 142 .. 3 3-0
16 2 to 15 11 . 2 1-3 14 1 and younger 0 2:0
15 10 and younger 0 0-8
Total 67 67-0
Total 75 75-0
Number observed to cease growth durmg
Number observed to cease growth durmg period of observation . 41 —_—
period of observation . 40 —

2 (d.f4) 58

X (df4) 4-8
Mean 17 years 9-08 months
s.d. 9:96 months

may show their frequency to be unusually high. If
the distribution is skew with a long tail to the right,

Mean 16 years 2-71 months
s.d. 13-62 months

it will have a considerably higher upper limit and the
mean will be increased, but since the data extend

10
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beyond the 509, point, the estimates, considered as
estimates of medians, should not be affected.

The analysis of the observations shows that the
mean age of boys when they stop growing is 17 years
9-08 months 4 1-87 months and that the distribu-
tion has a standard deviation of 9-96 months. The
corresponding age for girls is 16 years 2:-71 months
—+ 3-44 months and 13-62 months respectively. For
example, 5% of the boys and girls are expected to
have stopped growing before the age of 16 years 4-75
months, and 14 years 4-37 months respectively, and
as few as 59 of them would be expected to be still
growing after the age of 19 years 1-42 months and
18 years 1-05 months respectively.

Discussion

The foregoing analysis shows that girls on the
average stop growing in stature 18- 37 months before
boys and this result is consonant with the generally
recognized fact that girls mature physically at an
earlier age than boys. It is evident that growth in
stature stops in 909 of boys within a period of
2 years 8-67 months, and in 90%; of girls within a
period of 3 years 8-68 months, and it is clear that
girls show a greater variation in the age at which
adult stature is reached than boys.

The only means of comparing the results for
present-day children with information about children
80 years ago, is by estimating the upper limit of
the distribution, because all the earlier information
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is based on this limit. The ages by which 999, of
boys and girls will be expected to have stopped
growing have been taken as a practical approxima-
tion to this limit. These ages are 19 years 8-29 months
and 18 years 10-44 months respectively for boys
and girls. The upper limit of the distribution in the
upper socio-economic group 80 years ago was
about 20 years 6 months and 19 years 7 months
for boys and girls respectively (British Association
for the Advancement of Science, 1883) or about
nine or 10 months later than it is now. We have no
information about the sampling variation of these
estimates, but the differences are sufficiently great for
there to be little doubt that, on the average, individuals
in the upper socio-economic group reach adult stature
at an earlier age now than in the past. This con-
clusion is supported by other evidence, such as the
recent finding that Scotsmen of every social class
ceased growing in stature before their nineteenth
year in 1941 (Clements and Pickett, 1952). The
change may be attributed either to a general tendency
for all children to mature at an earlier age, or to a
selective change limited, for example, to a reduction
in the frequency of older children who are still
growing, and it is uncertain which of these factors
is the more important one. Evidence such as the
fact that children aged from 5 to 13 years show, on
the average, an advance in development of from
18 months’ to two years’ growth during the last
80 years (Clements, 1953) supports the former

FiGs. 3 and 4.—Records showing a later period of growth.
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possibility, whereas the fact that growth in stature
has been observed to begin again in a proportion
of the older children following a long period of
arrest—an observation also made by Morant (1952)—
favours the latter explanation.

There is little doubt that the tendency for growth
in stature to stop at an earlier age is associated with
the improvement which has taken place in living
conditions. In addition to such an obvious factor
in the growth of children as the state of their
nutrition, more subtle factors tending to alter the

constitution of the population, such as, for example,

the reduced mortality of children now as compared
with the past, and the smaller size of the average
family, may all play some part.

Summary
Observations on the stature of 75. boys and 67
girls, recorded at school over a period of years, have
been analysed to determine the distribution of the
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age at which growth in stature ceases. The data for
both sexes constitute censored normal distributions.
The distribution for boys was found to have a mean
age of 17 years 9-08 months 4 1:87 months and
a standard deviation of 9:96 months, and the
corresponding estimates for girls are 16 years-
2-71 months 4- 3-44 months and 13:62 months
respectively.
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also due to Dr. G. M. Morant and Mr. M. J. R. Healy
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